The performance of InAs thermovoltaic (TV) cell based on a p-on-n junction architecture has been modeled at 866K to 1255 K temperature range. Cell efficiency as high as 23% using a filtered 1255 K blackbody as an intermediate emitter has been predicted. A reasonably high open circuit voltage (VOc-0.2 V) and short circuit current (0.5 -1 kA) can be achieved with moderate optical concentration. Thermal coefficient of Voc, aVoc/aT, of the cell has been evaluated to be greater than -1 mVPC. The modeling also shows that the use of selective emitter results in a better TV cell performance by -10% compared to ideal blackbody source.
INTRODUCTION
Thermovoltaic (TV) is a technology to convert thermal energy into electricity. A thermal emitter is used as the photon source to illuminate the photovoltaic cells. For most efficient utilization of the incident thermal energy, the bandgap of the semiconducting cell has been engineered to closely match the peak of the emitting thermal spectrum. TV has been considered to be a very attractive choice when nonsolar energy sources are used to heat the thermal emitter. TV is predicted to display high efficiencies and high reliabilities and is very competitive to thermoelectric-based systems.
Much of the previous l V work has concentrated on conventional PV cells such as silicon (bandgap of 1.12 eV) or GaAs (bandgap of 1.42 eV) which require a high intermediate emitter temperature of 2000 K to 2500 K to yield good conversion efficiencies [ 1.21. However, sources operating at such high temperatures may not always be feasible in TV. Not only can the sources evaporate and thus contaminate the cavity, but there may be thermal management limitations on the presence of such high temperatures in a particular system.
COMPUTER MODELING
In this paper, low temperature (866 K to 1255 K) TV system studies based on InAs cells (bandgap of 0.36 eV) are presented. The performance of the TV cells are simulated using the PC-ID software package developed by Basore of Sandia National Laboratories [3] .
The TV cell consists of a p-on-n InAs junction. The pdoped layer is used as an emitter in order to take advantage of the high electron mobility. A front and back surface reflection coefficients are assumed to be 0.001 and 0.9 respectively to ensure minimum reflection loss at the front surface and maximum photon recycling at the back surface.
The front and back surface recombination velocities of the minority carriers are set at very low values, namely 10 cdsec. In practice, this can be achieved by employing pf and n+ minority carrier mirrors. The temperature of the cell is fixed at 25 OC unless it is specified otherwise. Two types of emitter at temperatures between 866 K to 1255 K are used : selective and blackbody. Figure 1 show the spectra of the emission sources. Notice that emitters which have been filtered for wavelength (x) longer than 3.4 pm have also been used in the TV modeling. Wavelength (pm) with the nature of the incident light spectrum. The wavelength of the incident spectrum is considered to be optimum at a point where the energy quanta is just enough to excite electrons from the valence band to the conduction band. The long wavelength portion of the spectrum will be wasted or possibly recycled back to radiator, while the shorter wavelength will be converted back less efficiently [l] . In the case of InAs, the optimum wavelength will be slightly shorter than 3.45 pm which corresponds to the InAs bandgap of 0.36 eV. Initially the results shown in Figure 2 appear to contradict to the fact mentioned previously. However, this can be explained by the fact that the portion of the spectrum which is wasted (1 2 3.4 pm) decreases as the temperature increases. InAs TV cell efficiency as a function of selective
Matching an emitter temperature to the spectral response of a photoconvertor has been recognized as a mechanism for improving cell efficiency as discussed earlier.
The long infrared wavelength which is not photoconvertible is being avoided and the idea of using selective narrow band emitter becomes important. When the blackbody spectrum is filtered for wavelength longer than 3.4 pm, the cell performance surprisingly approaches that of the selective emitter case as shown by the unfilled squares curve in Figure 3 . It is interesting that the conversion efficiency is still reasonably high even without optical concentration --the efficiency is 12.8% at Pin -9 W/cm2. A selective emitter with high optical concentration is needed to obtain only -10% improvement in cell efficiency. In practice, a high optical concentration is not desirable for two reasons : higher costs and lower reliability of cell performance. Furthermore, a good selective narrow band emitter is very difficult to come by and the fabrication technology is still relatively unknown [4] . Blackbody source provides a solution which comprimises the cell efficiency and the required optical concentration. With the use of only 2.5X optical concentration, the filtered blackbody emitter can bring the InAs TV cell efficiency up to 16%.
Lowering the blackbody temperature from 1255 K to 866 K results in almost 40% drop in cell efficiency [5] . The same argument used previously in the selective emitter case to explain the efficiency drop as a function of emitter temperature applies here for blackbody as well.
One can look into the response of the InAs cell efficiency upon increasing the optical concentration from a filtered blackbody source, as given in . Note that since InAs is a low bandgap material, the Voc value is very low while the Isc value is extremely high.
Temperature of TV cells in general has a significant negative effect on the overall cell efficiency. InAs TV cell is not an exception by all means. The thermal coefficient of open circuit voltage, aVoc/aT, for InAs p-n junction cell has been calculated to be greater than -1 mVPC. This is an overwhelmingly underestimated value because the calculation does not take into account the temperature effect on minority carriers mobilities. Thus, increasing temperature of the InAs cells by 10 OC will translate into a drop in Voc by at least 5% or more depending on input spectral power density (Pin). For Pin equals to 25 W/cm2, the efficiencies of the InAs TV cells using the 1255 K filtered blackbody are 16.1 % and 14.7 % at 25 OC and 35 OC cell temperatures respectively. This amounts to a 8.7 % degradation in efficiency.
CONCLUSIONS
In conclusion, the performance of InAs TV cell based on a simple p-on-n junction architecture has been evaluated. Cell efficiency as high as 23% is predicted using a filtered blackbody as an intermediate emitter. Although a selective emitter can provide a better cell performance, it may not be the best choice for the photon source because the spectral density of a selective emitter is very low (and it therefore needs high optical concentration) and the fabrication technology of selective emitter is still relatively unknown. 
